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Introduction {#add14558-sec-0005}
============

The world‐wide popularity of nicotine vaping products (NVPs)---otherwise known as electronic cigarettes--- has increased dramatically in recent years, with the majority of users being current and former smokers [1](#add14558-bib-0001){ref-type="ref"}, [2](#add14558-bib-0002){ref-type="ref"}, [3](#add14558-bib-0003){ref-type="ref"}, [4](#add14558-bib-0004){ref-type="ref"}. NVPs are widely available in many countries throughout the world in various retail outlets and online. Euromonitor data have shown that the retail sales value of vaping products accounted for 1.5% of the global nicotine market in 2017 [5](#add14558-bib-0005){ref-type="ref"}. While cigarettes still accounted for 90% of nicotine market sales in 2017, the growth of the retail sales value of the NVP market during 2017 was estimated to be 50.7%, compared to growth in the cigarette market of 2.8% [5](#add14558-bib-0005){ref-type="ref"}. Moreover, NVPs are now the most popular quit smoking aid in several countries, including the United States, England and Canada, surpassing the use of licensed nicotine replacement therapy (NRT) and prescription‐only medications [2](#add14558-bib-0002){ref-type="ref"}, [6](#add14558-bib-0006){ref-type="ref"}, [7](#add14558-bib-0007){ref-type="ref"}.

Scientists, clinicians, advocates and public health organizations have engaged in extensive debate about a broad range of issues, including the impact of NVPs on the health of users and non‐users, whether they are effective for smoking cessation, whether they might increase smoking among youth, whether they might re‐normalize smoking and, ultimately, whether the net impact on smoking prevalence and population health is positive or negative [8](#add14558-bib-0008){ref-type="ref"}, [9](#add14558-bib-0009){ref-type="ref"}. Two recent comprehensive reviews by the National Academy of Sciences, Engineering and Medicine (NASEM) [10](#add14558-bib-0010){ref-type="ref"} and Public Health England (PHE) [11](#add14558-bib-0011){ref-type="ref"} summarized the scientific evidence to date on NVPs, and have stated similar conclusions, that using an NVP is far less risky than smoking combustible cigarettes. However, in reflecting the evidence, both reports also stated that NVPs contain constituents that are not inert and probably carry some health risks. Both NASEM and PHE support the position that NVPs may be helpful to smokers who are trying to stop smoking cigarettes; however, both have also stated that the use of NVPs by non‐smokers should be discouraged. Other organizations, such as the World Health Organization (WHO) [12](#add14558-bib-0012){ref-type="ref"} and the International Union Against Tuberculosis and Lung Diseases [13](#add14558-bib-0013){ref-type="ref"}, have taken a more precautionary approach towards NVPs, suggesting that given the uncertainty about long‐term health risks and benefits, NVPs should not be promoted for smoking cessation until a clear health advantage can be demonstrated [14](#add14558-bib-0014){ref-type="ref"}. The WHO has urged countries to implement policies that would restrict the sale, promotion and use of electronic cigarettes [15](#add14558-bib-0015){ref-type="ref"}.

The global divide about the uncertainty of the possible risks and benefits of NVPs has led governments to adopt diverse approaches towards regulating the sale, marketing and use of NVPs in public places [16](#add14558-bib-0016){ref-type="ref"}. As of 2018, the sale of vaping products (with or without nicotine) has been banned in 27 countries, nine countries have banned the sale of NVPs, and 36 countries permit the sale of NVPs with diverse regulations (e.g. minimum age of purchase, advertising and promotion, packaging, product regulation, taxes, etc.) [17](#add14558-bib-0017){ref-type="ref"}. For example, in May 2016, the European Union (EU) implemented regulatory policies governing the sale and marketing of consumer NVPs (e.g. not medicinal NVPs) under the EU Tobacco Products Directive (EU TPD) [18](#add14558-bib-0018){ref-type="ref"}, [19](#add14558-bib-0019){ref-type="ref"}, which was transposed into United Kingdom (UK) law through the UK Tobacco and Related Products Regulations 2016 (UK regulations implementing the EU TPD) [20](#add14558-bib-0020){ref-type="ref"}, and into the Dutch Tobacco and Smoking Products Law [21](#add14558-bib-0021){ref-type="ref"}. The EU TPD rules prohibit marketing elements on NVP packaging, specify a minimum age for purchase (18+ years), prohibit cross‐border advertising and promotion of NVPs, and include a number of requirements to guarantee product safety, such as maximum nicotine content. In addition, the UK has an advertising code of practice [22](#add14558-bib-0022){ref-type="ref"}, [23](#add14558-bib-0023){ref-type="ref"} which restricts marketing content, such that NVP marketing must be socially responsible, and not appeal to youth. In the United States, NVP regulations were introduced in August 2016 under the Food and Drug Administration (FDA) Deeming Rule [24](#add14558-bib-0024){ref-type="ref"}. Some new requirements and restrictions were applied to NVPs at that time (e.g. age requirements for purchase); however, there were no changes to pre‐existing NVP marketing (advertising is still permitted in all channels).

Evidence concerning the patterns of NVP use indicates that the uptake and continued use is likely to be influenced by the NVP regulatory policy environment [25](#add14558-bib-0025){ref-type="ref"}, [26](#add14558-bib-0026){ref-type="ref"}. Previous research showed some evidence (with a few exceptions) of lower awareness and use of NVPs in countries that had banned them compared to countries that had fewer sales and marketing restrictions [26](#add14558-bib-0026){ref-type="ref"}. Since these findings, NVP use has increased dramatically in many countries, especially where laws have not restricted the sale and marketing of vaping products, for example in the United States [27](#add14558-bib-0027){ref-type="ref"}, [28](#add14558-bib-0028){ref-type="ref"}, [29](#add14558-bib-0029){ref-type="ref"}. In England, where the sale of NVPs is legal and the concept of harm reduction has largely been embraced by public health organizations [11](#add14558-bib-0011){ref-type="ref"}, [30](#add14558-bib-0030){ref-type="ref"}, [31](#add14558-bib-0031){ref-type="ref"}, it has been shown that the use of NVPs by current smokers and recent ex‐smokers is higher than most other countries world‐wide, particularly in countries that have more restrictive NVP regulations [4](#add14558-bib-0004){ref-type="ref"}, [32](#add14558-bib-0032){ref-type="ref"}, [33](#add14558-bib-0033){ref-type="ref"}, [34](#add14558-bib-0034){ref-type="ref"}, [35](#add14558-bib-0035){ref-type="ref"}, [36](#add14558-bib-0036){ref-type="ref"}, and also compared to other EU countries with similar NVP regulations under the EU TPD [2](#add14558-bib-0002){ref-type="ref"}, [3](#add14558-bib-0003){ref-type="ref"}, [37](#add14558-bib-0037){ref-type="ref"}.

However, although there is information about NVP use patterns across a range of countries or regions (mainly from high‐income nations), there are significant limitations in the comparability of findings from studies in different countries due to differing methodologies (e.g. sampling, definitions of NVP use and measurement methods), thus making valid cross‐country comparisons difficult.

This study includes a broad and comprehensive evaluation of NVP use, as it incorporates comparable data from a wide range of countries from the ITC Project, which largely share common methodologies (particularly the same measurements of the NVP outcomes). Furthermore, this study is an extension of the previously published paper that examined NVP (e‐cigarette) awareness and use among 10 ITC countries [26](#add14558-bib-0026){ref-type="ref"}. However, these data are now outdated, as the findings suggested that both the regulatory environment and survey timing were probably associated with considerable variability in NVP use estimates. Also, given the rapid growth of the NVP market, the increase in number of products available, major public health endorsements of NVPs, changing public perceptions about NVPs [38](#add14558-bib-0038){ref-type="ref"}, [39](#add14558-bib-0039){ref-type="ref"}, [40](#add14558-bib-0040){ref-type="ref"}, and/or the implementation of (stricter) regulations in various countries, estimates of NVP use have been shown to be variable over time [41](#add14558-bib-0041){ref-type="ref"}. Therefore, these data from 14 ITC countries, with differing levels of economic development and tremendous variability in regulations governing NVP sales and marketing, provide a fertile landscape for exploring the possible impact of regulatory policies on NVP use. The aims of this paper are to provide: (1) prevalence estimates of NVP awareness, ever‐use, current use, and daily use among smokers and recent ex‐smokers; and (2) qualitative observations of plausible patterns for differing (or similar) estimates between countries.

Methods {#add14558-sec-0006}
=======

Design, setting and participants {#add14558-sec-0007}
--------------------------------

This study is a cross‐sectional analysis of adult (≥ 18 years) current smokers (daily or non‐daily) and recent ex‐smokers (quit smoking ≤ last 2 years) from 14 countries participating in the ITC Project: Australia, Bangladesh, Brazil, Canada, China, England, Malaysia, Mexico, the Netherlands, New Zealand, Republic of Korea, the United States, Uruguay and Zambia. According to World Bank criteria, eight of the countries are high‐income countries (HICs: Australia, Canada, England, New Zealand, Republic of Korea, Uruguay, the Netherlands and the United States); four are upper--middle‐income countries (UMICs: Brazil, China, Malaysia and Mexico), and two are lower--middle‐income countries (LMICs: Bangladesh and Zambia). [^1] Data from the most recent survey year for each country were included, which spanned the period from 2013 to 2017 (see Table [1](#add14558-tbl-0001){ref-type="table"}).

###### 

Sample characteristics and survey details (unweighted).

  Country                                                    N        Year(s) of survey data collection    Survey mode    Male n (%)    Mean age   Daily smoker n (%)
  ---------------------------------------------------------- ------ -------------------------------------- -------------- ------------- ---------- --------------------
  Australia[a](#add14558-note-0003){ref-type="fn"}           1490      Wave 1 July 2016--November 2016     Web            762 (51.1)    49.7       1215 (81.5)
  Smokers                                                    1339                                                                                  
  Recent ex‐smokers                                          151                                                                                   
  Bangladesh                                                 2033      Wave 4 October 2014--April 2015     Face‐to‐face   1977 (97.2)   39.2       1841 (90.6)
  Smokers                                                    1878                                                                                  
  Recent ex‐smokers                                          155                                                                                   
  Brazil                                                     1340    Wave 3 September 2016--November 2016  Phone          648 (48.4)    51.6       1135 (84.7)
  Smokers                                                    1216                                                                                  
  Recent ex‐smokers                                          124                                                                                   
  Canada[a](#add14558-note-0003){ref-type="fn"}              3576      Wave 1 July 2016--November 2016     Web            1671 (46.7)   41.2       2220 (62.1)
  Smokers                                                    3215                                                                                  
  Recent ex‐smokers                                          361                                                                                   
  China                                                      3604      Wave 5 November 2013--July 2015     Face‐to‐face   3394 (94.2)   51.2       3239 (89.9)
  Smokers                                                    3432                                                                                  
  Recent ex‐smokers                                          172                                                                                   
  England[a](#add14558-note-0003){ref-type="fn"}             4220      Wave 1 July 2016--November 2016     Web            2281 (54.1)   41.5       2880 (68.3)
  Smokers                                                    3886                                                                                  
  Recent ex‐smokers                                          334                                                                                   
  Malaysia                                                   1824     Wave 6 February 2013--January 2014   Phone          1806 (99.0)   30.5       1608 (88.2)
  Smokers                                                    1703                                                                                  
  Recent ex‐smokers                                          121                                                                                   
  Mexico                                                     839       Wave 7 November 2014--March 2015    Face‐to‐face   466 (55.5)    42.3       541 (64.5)
  Smokers                                                    776                                                                                   
  Recent ex‐smokers                                          63                                                                                    
  Netherlands                                                1645    Wave 10 November 2016--December 2016  Web            791 (48.1)    38.8       1109 (67.4)
  Smokers                                                    1213                                                                                  
  Recent ex‐smokers                                          432                                                                                   
  New Zealand[a](#add14558-note-0003){ref-type="fn"}         1068      Wave 1 October 2016--Aprrl 2017     Phone          446 (41.8)    44.7       722 (67.6)
  Smokers                                                    853                                                                                   
  Recent ex‐smokers                                          215                                                                                   
  Republic of Korea[a](#add14558-note-0003){ref-type="fn"}   2000        Wave 1 June 2016--July 2016       Phone          1800 (90.0)   43.5       1896 (94.8)
  Smokers                                                    2000                                                                                  
  Recent ex‐smokers                                          0                                                                                     
  United States[a](#add14558-note-0003){ref-type="fn"}       2552      Wave 1 July 2016--November 2016     Web            1323 (51.8)   44.0       1850 (72.5)
  Smokers                                                    2327                                                                                  
  Recent ex‐smokers                                          225                                                                                   
  Uruguay                                                    1310      Wave 5 July 2014--November 2014     Face‐to‐face   600 (45.8)    40.9       1070 (81.7)
  Smokers                                                    1181                                                                                  
  Recent ex‐smokers                                          129                                                                                   
  Zambia                                                     1145      Wave 2 August 2014--October 2014    Face‐to‐face   1095 (95.6)   40.1       914 (79.8)
  Smokers                                                    1045                                                                                  
  Recent ex‐smokers                                          106                                                                                   

Between‐country comparisons cannot be made due to differences in survey timing and sequence of the questions in the survey.

New country cohort sample (wave 1). Note, for the ITC 4CV1 Project (Australia, Canada, England and the United States), the new cohort sampling web panel frame also included 2501 re‐contact participants from the previous 4C waves 1--9 cohort.

Smokers are classified as daily or non‐daily users of cigarettes; recent ex‐smokers quit smoking cigarettes ≤ 2 years ago.

Methodological details on data collection for each country are available via the ITC Project website. [^2] In brief, the sample in each country was designed to be representative of smokers, and used either probability‐based sampling frames or non‐probability samples (or a combination of those) for initial recruitment. Respondents were recruited via address‐based sampling frames, random‐digit‐dialling (RDD) sampling frames, web‐based or address‐based panels, or a combination of these frames. Weights were constructed for each country (to adjust for the sampling design) and were calibrated using data from national health surveys or household enumeration data for countries with face‐to‐face surveys.

Respondents at the survey wave analysed in this study were re‐contact/cohort respondents (recruited in previous survey waves) and/or new (replenishment) respondents to compensate for attrition from the last cohort survey, or if it was the initial survey (wave 1) of a new cohort. Suppor[ting information, Table S1](#add14558-supitem-0001){ref-type="supplementary-material"} shows the percentages of the country samples that were derived from re‐contact (cohort) versus replenishment respondents.

The newly recruited replenishment participants for each country were selected using the same sampling design as the previous survey wave, with some exceptions. For Australia, Canada, England and the United States, the latest wave of data came from wave 1 of the ITC Four Country Smoking and Vaping Survey (ITC 4CV1) [42](#add14558-bib-0042){ref-type="ref"}, which is an is an expansion of the 2002--15 ITC Four Country (ITC 4C) Survey [43](#add14558-bib-0043){ref-type="ref"}. Four parallel surveys conducted in Canada, United States, England and Australia included adults (aged 18+) who reported to be currently smoking cigarettes and/or using an NVP, or a former smoker. The sample in each country was designed to be as representative as possible of cigarette smokers and NVP users (e.g. by age and sex), and consisted of re‐contacted respondents from the ITC 4C cohort and new respondents from online panels (using either probability‐based sampling frames or non‐probability opt‐in panels, or a combination of these). Detailed descriptions of the methods used in each country are presented in the ITC 4C and 4CV1 technical reports [42](#add14558-bib-0042){ref-type="ref"}, [43](#add14558-bib-0043){ref-type="ref"} and in the Thompson *et al*. 4CV1 methods paper [44](#add14558-bib-0044){ref-type="ref"}. New Zealand respondents (wave 1) were drawn from the New Zealand Health Survey [45](#add14558-bib-0045){ref-type="ref"}, and respondents from the Republic of Korea (wave 1) were recruited using a dual telephone RDD sampling frame (fixed‐line/landline or mobile phone) [46](#add14558-bib-0046){ref-type="ref"}.

All surveys were in the country\'s native language(s) and were administered either via phone, face‐to‐face interviews or online (Table [1](#add14558-tbl-0001){ref-type="table"}). Research ethics approval for all surveys was obtained from the University of Waterloo (Canada), and for each individual country from the country‐specific institution. All participants provided consent prior to survey completion.

Measures {#add14558-sec-0008}
========

All country‐specific surveys can be found at the ITC Project website. [^3] The variables included in this study are briefly described herein.

Demographics {#add14558-sec-0009}
------------

Demographic characteristics were assessed with standard questions on sex, age, highest educational attainment (categorized into low, moderate, and high to broadly equate them for comparison across countries), and monthly household income (categorized into low, moderate and high). Each country\'s technical report provides details on education and income categorization [47](#add14558-bib-0047){ref-type="ref"}.

Tobacco‐related data {#add14558-sec-0010}
--------------------

Frequency of smoking: daily smoker versus non‐daily smoker (≤ weekly) versus not at all (quit smoking ≤ 2 years ago).

NVP (e‐cigarette) outcome variables {#add14558-sec-0011}
-----------------------------------

Respondents from all countries were asked: 'Have you ever heard of electronic cigarettes or e‐cigarettes?' (response options: yes, no, don\'t know or refused). If the respondent answered 'no/don\'t know', then they did not receive the subsequent NVP questions and were coded as 'no' for the other NVP outcome variables.

The subsequent NVP questions were: (1) 'Have you ever tried an e‐cigarette?' (yes versus no); and if 'yes', (2) 'Do you currently use an electronic cigarette?' (yes versus no); and if 'yes', (3) 'How often do you use an e‐cigarette?'. Supporting information, [Table S2](#add14558-supitem-0001){ref-type="supplementary-material"} describes the exact questions for each outcome variable by country.

Respondents who had missing data (e.g. refused to answer a question about NVPs) were excluded from the analyses. Only respondents who selected 'yes' or 'no'/'I don\'t know' (coded as 'no') were considered valid responses. Across the 14 countries, 15 respondents were excluded because they had missing data for at least one of the outcome measures (four in Bangladesh, one in Brazil, three in China, five in Mexico and two in Zambia).

Use of a vaping product that contained nicotine versus no nicotine was reported among current daily and weekly vapers from eight countries where the survey question was available (Australia, Canada, China, England, the Netherlands, New Zealand, Republic of Korea and the United States). Vapers were asked: 'What is the strength of the e‐liquid you currently use most?'. This was coded into 'no nicotine' (0 mg) versus 'yes, nicotine' (≥ 1 mg).

Country NVP regulatory policies {#add14558-sec-0012}
-------------------------------

Countries were categorized into four groups based on regulations governing NVP sales and marketing (prohibited versus not prohibited) and the strength of enforcement (strict or weak where NVPs were not permitted to be sold) at the time of the country\'s survey (see Fig. [1](#add14558-fig-0001){ref-type="fig"}). [^4] **Most restrictive policies (MRPs):** NVPs are not legal to be sold with strict enforcement of NVP regulations: the sale, advertising, promotion and sponsorship of NVPs is prohibited in Australia (non‐nicotine vaping products are classified as legal consumer products). Nicotine and non‐nicotine vaping product sale, importation and promotion is explicitly banned by an amendment/decree in Uruguay. A resolution prohibits the sale, advertisement, distribution and importation of vaping products, and as tobacco products, their use in public places and public transportation is prohibited by a decree in Brazil.**Restrictive policies (RPs):** NVPs are not approved to be sold with weak enforcement of NVP regulations: in Canada and New Zealand, NVPs were not approved for sale, and marketing of NVPs was prohibited; however, due to weak enforcement of the regulations, NVPs were widely available for purchase in speciality shops or online; vaping products without nicotine were widely available in many retails locations (including pharmacies, grocery stores, etc.). In Malaysia, nicotine was classified as a class C poison under the Poisons Act and Control of Drugs and Cosmetics Regulations, and therefore NVPs were prohibited from sale. At the time of the survey this law was not strongly enforced, and generally NVPs were still widely available on the market. Finally, in Mexico, a national tobacco control law prohibited the sale, distribution, exhibition and promotion of NVPs; however, enforcement was generally weak and NVPs were widely available for purchase.**Less restrictive policies (LRPs):** NVPs are legal for sale, and (some) marketing is allowable: These LRP countries (England, the United States, Republic of Korea and the Netherlands) allow NVPs to be sold and marketed through various channels (but only at point of sale in the Netherlands). In the EU, the EU TPD prohibits any cross‐border marketing and restrictions apply, such as age limit for purchasing NVPs and safety and packaging requirements. Additional restrictions may apply based on country‐specific codes (e.g. in the United Kingdom, as described above) [22](#add14558-bib-0022){ref-type="ref"}, [23](#add14558-bib-0023){ref-type="ref"}.**No regulatory policies (NRPs):** there were no NVP regulatory policies in Bangladesh, China or Zambia. However, NVPs were not generally available for sale.

![Country classification based on the strength of regulatory policies for the sale and marketing of nicotine vaping products (NVPs) during country survey data collection. ^1^Uruguay and Brazil also prohibit the sale and marketing of non‐nicotine vaping products. ^2^Malaysia: There is no existing law related directly to the legality of NVP products (the government applied an existing law to the sale of e‐liquids particularly those with nicotine). Nicotine is classified as a class C poison under the Poisons Act 1952 and Control of Drugs and Cosmetics Regulations 1984. Therefore, the sale, distribution or importation of unlicensed nicotine‐containing e‐cigarettes is prohibited](ADD-114-1060-g001){#add14558-fig-0001}

Analyses {#add14558-sec-0013}
========

Descriptive statistics were used on unweighted data to describe the characteristics of the study respondents. For all subsequent analyses, data were weighted in order to obtain a population estimate of the four NVP outcomes.

Each of the country samples (once weighted) were designed to be representative of cigarette smokers. However, this was not the case for ex‐smokers for the majority of the countries. In nine of the ITC countries, ex‐smokers were initially recruited as smokers, then quit smoking, and were subsequently retained at follow‐up waves. Consequently, conclusions about ex‐smokers should be interpreted more carefully. In contrast, the new ITC 4CV1 samples in Canada, Australia, United States and England, and New Zealand included the recruitment of ex‐smokers who had quit smoking at the time of the ITC survey. The ITC 4CV1 study was not specifically designed to measure NVP prevalence (mainly owing to the oversampling of NVP users to reach target sample sizes); consequently, the prevalence estimates reported in the current paper were obtained from national benchmark surveys (as opposed to the ITC 4CV1 data itself) in Canada (2015), the United States (2016), England (2016) and Australia (2016). This is particularly true for Australia, where NVP users in the (unweighted) ITC 4CV1 Australia sample were greatly over‐represented.

In each country, an adjusted logistic regression model estimating predicted probabilities using marginal standardization [48](#add14558-bib-0048){ref-type="ref"} was conducted for each of the four outcomes: (i) awareness (ever heard of) NVPs, (ii) ever‐tried/used NVPs, (iii) current NVP use (daily/weekly/monthly) and (iv) daily NVP use. Each model adjusted for smoking status (daily smoker versus non‐daily smoker versus ex‐smoker), sex and age. This was performed first for the overall sample, and then separately by smoking status.

Statistical comparisons between countries were not carried out due to the nature of the data, mainly owing to differences in survey timing, sampling designs and/or how the sampling weights were calculated. In other words, because of those differences, it would be difficult to tell if statistically significant differences between countries are the result of differences in attitudes to smoking and use of NVPs, or from differing methodologies. Therefore, differences between countries are discussed qualitatively. All analyses were conducted with SUDAAN version 11.0.1.

Results {#add14558-sec-0014}
=======

Figures [2](#add14558-fig-0002){ref-type="fig"}, [3](#add14558-fig-0003){ref-type="fig"}, [4](#add14558-fig-0004){ref-type="fig"}, [5](#add14558-fig-0005){ref-type="fig"}, [6](#add14558-fig-0006){ref-type="fig"}, [7](#add14558-fig-0007){ref-type="fig"} present the prevalence of self‐reported NVP awareness, ever‐use, current use and daily use, as well as current use by smoking status (smokers versus ex‐smokers), and the percentage of daily and weekly vapers who self‐reported the use of nicotine in their vaping product. The graphs also depict the type of regulatory environment (NRP, LRP, RP and MRP countries), country income classification (HIC, UMIC or LMIC) and survey date. Supporting information, [Table S3](#add14558-supitem-0001){ref-type="supplementary-material"} presents the prevalence estimates with 95% confidence intervals for the four outcomes by country and smoking status.

![Awareness (ever heard) of nicotine vaping products (NVPs) among smokers and recent ex‐smokers (weighted %)](ADD-114-1060-g002){#add14558-fig-0002}

![Ever‐used nicotine vaping products (NVPs) among smokers and recent ex‐smokers (weighted %)](ADD-114-1060-g003){#add14558-fig-0003}

![Current use (daily, weekly or monthly) of nicotine vaping products (NVPs) among smokers and recent ex‐smokers (weighted %)](ADD-114-1060-g004){#add14558-fig-0004}

![Daily use of nicotine vaping products (NVPs) among smokers and recent ex‐smokers (weighted %)](ADD-114-1060-g005){#add14558-fig-0005}

![Prevalence of current nicotine vaping products (NVPs) use by smoking status (weighted %). \[Colour figure can be viewed at [wileyonlinelibrary.com](http://wileyonlinelibrary.com)\]](ADD-114-1060-g006){#add14558-fig-0006}

![Daily and weekly users using vaping products with nicotine (% yes, weighted). \[Colour figure can be viewed at [wileyonlinelibrary.com](http://wileyonlinelibrary.com)\]](ADD-114-1060-g007){#add14558-fig-0007}

Prevalence of awareness of NVPs among the overall sample (smokers and ex‐smokers) ranged from 3.1% in Zambia to 99.4% in England (Fig. [2](#add14558-fig-0002){ref-type="fig"} **)**; ever‐use ranged from 0.4% in Zambia to 66.6% in England (Fig. [3](#add14558-fig-0003){ref-type="fig"}); current use ranged from 0% in Zambia to 17.2% in England (Fig. [4](#add14558-fig-0004){ref-type="fig"}); and daily use ranged from 0% in Zambia and Bangladesh to 9.4% in England (Fig. [5](#add14558-fig-0005){ref-type="fig"}).

The outcomes patterns varied by both regulatory policy group and country income. First, awareness and use were lowest in NRP countries (range: awareness = 3.1--59.3%; ever‐use = 0.4--10.4%; current use = 0--0.6%). Ever‐use and current use of NVPs were lower in MRP countries (ever‐use: 7.1--48.9%; current use = 0.3--3.5%), relative to LRP (ever‐use = 38.9--66.6%; current use = 5.5--17.2%) and RP (ever‐use = 10.0--62.4%; current use = 1.4--15.5%) countries.

Daily use was highest for two LRP countries: England (9.4%) and the United States (6.6%) and two RP countries: New Zealand (7.8%) and Canada (4.4%). All other countries had daily use rates \< 4%. With the exception of Mexico (0.5%), relative to LRP and RP countries, daily use was lower in all MRP countries: Uruguay (0.1%), Brazil (0.4%) and Australia (1.7%), and NRP countries: China (0.2%), Bangladesh (0.0%) and Zambia (0.0%) (Fig. [5](#add14558-fig-0005){ref-type="fig"}).

Secondly, regardless of regulatory policies, and with the exception of Uruguay, NVP awareness, ever‐use, current use, and daily use were highest among HICs (awareness = 51.8--99.4%; ever‐use = 7.1--66.6%; current use = 0.1--17.2%; and daily use = 0.1--9.4%), followed by UMICs (awareness = 61.0--86.9%; ever‐use = 10.0--39.0%; current use = 1.0--11.5%; and daily use = 0.4--3.7%), and then LMICs (awareness = 23.1--59.3%; ever‐use = 0.4--10.4%; current use = 0.0--0.6%; and daily use = 0.0--0.2%).

The prevalence of current NVP use by smoking frequency varied by country, with higher rates of non‐daily smokers currently using NVPs than daily smokers in seven countries (England, New Zealand, United States, the Netherlands, RP, Brazil and Australia). A greater percentage of recent ex‐smokers reported using NVPs than current smokers (daily or non‐daily) in three of the countries (England, New Zealand and Malaysia; see Fig. [6](#add14558-fig-0006){ref-type="fig"}). The majority of daily and weekly vapers reported that their vaping device had nicotine (\> 50% in seven of the eight countries where data were available), with the exception of China. Daily vapers had higher rates of using vaping devices with nicotine than non‐daily users in all eight countries (see Fig. [7](#add14558-fig-0007){ref-type="fig"}).

Discussion {#add14558-sec-0015}
==========

These findings update those of a previous study of 10 ITC countries [26](#add14558-bib-0026){ref-type="ref"}, providing the largest multi‐country investigation of NVP awareness and use among smokers and ex‐smokers in countries with differing NVP sale and marketing regulations and economic levels. Similar to the previous study by Gravely *et al*. [26](#add14558-bib-0026){ref-type="ref"}, the present findings show that, with a few exceptions, there were considerable differences between countries in awareness, ever‐use and current/daily use of NVPs; therefore, these findings continue to suggest that awareness and use patterns vary according to the level and strength of the regulatory environment. Rates of use were much higher in LRP and RP countries, particularly in England, United States, Canada and New Zealand, where NVPs are widely available for sale in retail and/or speciality shops, and where smokers have commonly reported using them for smoking cessation [2](#add14558-bib-0002){ref-type="ref"}, [4](#add14558-bib-0004){ref-type="ref"}, [6](#add14558-bib-0006){ref-type="ref"}, [7](#add14558-bib-0007){ref-type="ref"}.

In contrast to many of the LRP and RP countries, rates of use were quite low in the MRP countries (Australia, Uruguay and Brazil), indicating that strict regulation and enforcement of NVP laws in these countries may have limited smokers' access to these products and/or discouraged smokers from using them. In the three countries with no regulations governing NVP sales, awareness and use rates were very low, which suggests that there was little marketing and/or interest in NVPs in these countries. In Bangladesh and Zambia, other tobacco alternatives are prevalent due to low cost and/or socio‐cultural reasons (for example, bidis [49](#add14558-bib-0049){ref-type="ref"} and smokeless tobacco in Bangladesh [50](#add14558-bib-0050){ref-type="ref"}, and roll‐your‐own/loose‐leaf tobacco in Zambia [51](#add14558-bib-0051){ref-type="ref"}). In these nations, where the highest prevalence of tobacco use is among those in the poorer low‐ and middle‐income segments, NVPs would probably not do well on the market due to smoker\'s preferences for cheap and other widely available forms of tobacco. Therefore, it is not surprising that these governments have not been politically or economically motivated to address NVP policies. Notably, in China half the respondents were aware of NVPs, but there was a low rate of current (10%) and daily use (0.6%). This low prevalence of NVP use probably reflects the fact that the China National Tobacco Company, a state‐owned enterprise, has a monopoly of the cigarette market (accounting for 98% of domestic sales) [52](#add14558-bib-0052){ref-type="ref"}, and has largely prevented NVPs from entering the domestic market‐place.

NVP prevalence estimates varied by country income. NVP awareness and use were greatest in HICs and lowest in LMICs. Two HICs were exceptions to this pattern: Uruguay (low awareness and use) and Australia (low use). Similarly, a study by Palipudi *et al*. found the same income gradient pattern, where awareness of NVPs was lower in LMICs and higher in HICs [34](#add14558-bib-0034){ref-type="ref"}. The pattern was not the same for NVP use however, as there were little differences between estimates based on country income. This may reflect the strict NVP regulatory policies in both of the HICs (Qatar [^5] and Greece [^6]), which was also found in this study (e.g. Uruguay and Australia). It should be noted, however, that research on NVP use has primarily been conducted in HICs, whereas data from LMICs are limited. Given this gap in the literature, the positive relationship between NVP use and country income gradient, moderated by regulatory environment (e.g. MRP HIC countries had much lower rates of EC use than the other HIC countries), more research using longitudinal cohort data are needed to further examine the impact of strict regulation on both NVP use and smoking rates.

The findings suggest that there may be other plausible explanations for the level of NVP awareness and use, particularly the harm reduction environment (e.g. government acceptability and support for using NVPs as a quit‐smoking aid, particularly for smokers who are struggling to quit smoking, or who do not plan to quit smoking) and regionalization. The concept of using NVPs to replace cigarette smoking as a harm reduction strategy has been a hotly debated topic. Less than a decade ago, many countries implemented policies to restrict access to vaping products. However, this was not the case for England, a country where NVPs have been embraced by PHE and the Royal College of Physicians as a harm reduction strategy [11](#add14558-bib-0011){ref-type="ref"}, [30](#add14558-bib-0030){ref-type="ref"}, whereas most public health agencies in the other countries have not followed similarly, including the Netherlands, which has similar NVP regulations. This may explain why all prevalence estimates were highest in England. In contrast, governments in Australia, Brazil and Uruguay have taken the opposite position. These countries have banned the sale of nicotine NVPs (including non‐nicotine NVPs in Brazil and Uruguay, and in some states in Australia) [17](#add14558-bib-0017){ref-type="ref"}, [53](#add14558-bib-0053){ref-type="ref"} on the grounds that NVPs should be subject to evidentiary review and should be restricted or banned until more evidence about their safety and efficacy are available.

With regard to regionalization, countries with similar characteristics and geography (e.g. regional location) seemed to have similar NVP prevalence estimates. For example, prevalence of ever‐use and current use in Mexico were similar to the other MRP Latin American countries (Uruguay and Brazil), and although there is a law banning the sale of nicotine NVPs in Mexico, it was categorized as an RP country because of weak enforcement, resulting in high accessibility [35](#add14558-bib-0035){ref-type="ref"} and high prevalence among Mexican adolescents [54](#add14558-bib-0054){ref-type="ref"}, [55](#add14558-bib-0055){ref-type="ref"}. The Netherlands was more closely aligned to other European countries as opposed to the other LRP and HIC countries in this study, including England. For example, daily use of NVPs in the Netherlands was 1.8% for smokers (data not shown), comparable to other ITC EU countries---2% in Greece, 1% in Germany, Romania, Hungary, Spain and Poland (2016 ITC data) [56](#add14558-bib-0056){ref-type="ref"} and 2.3% for the EU [57](#add14558-bib-0057){ref-type="ref"}. This EU regionalization effect may be partly because these countries are all regulated under the EU TPD. In contrast, Canada and the United States differed in the legality of the sale and marketing of NVPs, but estimates for all outcomes were very similar, therefore suggesting that countries that are close in proximity share similar use patterns.

Interestingly, previous Eurobarometer data (2014) have also shown this 'regionalization pattern' [32](#add14558-bib-0032){ref-type="ref"}, where overall population prevalence of NVP use was generally similar among many of the countries, ranging from 0 to 2% in the majority of EU countries to 4% in France and the United Kingdom. However, the prevalence of NVP use among smokers and ex‐smokers was highest in the United Kingdom (11 and 8%, respectively) compared to all the other EU countries, therefore indicating that when governments and large public health organizations support using e‐cigarettes for smoking cessation, there is an additive effect on usage rates.

Another pattern among the majority of countries in this study, regardless of the NVP regulatory environment and country income, was the much higher rate of having 'ever‐tried' an NVP relative to those who continued to use an NVP on a more regular basis. This has been consistently shown in other studies, indicating that there is high curiosity to try NVPs in many countries, but a low percentage who continue to regular use [11](#add14558-bib-0011){ref-type="ref"}, [29](#add14558-bib-0029){ref-type="ref"}, [58](#add14558-bib-0058){ref-type="ref"}. Some of the reasons reported in the literature for discontinued use have included: trying them only out of curiosity, beliefs that they are harmful, and reporting that they are not as satisfying as regular cigarettes [11](#add14558-bib-0011){ref-type="ref"}.

Although this study has provided national estimates of NVP awareness and use among current smokers and ex‐smokers from multiple countries, there are some limitations to consider. First, between‐country differences in prevalence estimates were not compared statistically. Although statistical comparisons are feasible, these would be inappropriate because of differences in survey timing and sampling designs between countries. Furthermore, qualitative comparisons made herein should be interpreted cautiously due to differences between countries in sampling design coverage, recruitment methods (e.g. online panels, RDD or household enumeration), interviewing methods and linguistic differences. Secondly, this study did not compare within‐country trends in NVP awareness and use over time, because two countries were new cohorts (New Zealand, Republic of Korea), four countries differed in survey modes and sampling techniques used at previous survey waves (Canada, United States, England, Australia) and two countries did not have a question about NVP use in the previous survey (Brazil, Mexico). Thirdly, results for the ex‐smoker samples should be interpreted with caution, because most of the country samples were not designed to be representative of the entire population of ex‐smokers (i.e. most ex‐smokers were recruited as smokers and retained in the longitudinal cohort). Fourthly, current and daily NVP estimates should be interpreted cautiously, as sample sizes were small in some countries resulting in wide variability in those estimates (e.g. as seen in Figs [4](#add14558-fig-0004){ref-type="fig"} and [5](#add14558-fig-0005){ref-type="fig"}). Finally, this study is cross‐sectional in nature (and therefore cannot determine the direction of the relationship between NVP policies and use). This study does, however, offer important observations, especially with regard to how the strength and implementation of regulatory policies may shape behaviour of NVP use by current and former smokers. As many governments around the world have implemented a broad range of regulatory policies on the sale and marketing of NVPs, and in other domains that would affect NVP use (e.g. taxation and vape‐free laws), further international studies with longitudinal data---that can both inform governments about policy approaches and/or policy changes--- are urgently needed.
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